Mechanism of surface charge triggered intestinal epithelial tight junction opening upon chitosan nanoparticles for insulin oral delivery.
Intestinal epithelium is a major barrier limiting the absorption of oral insulin owing to the presence of intercellular tight junctions (TJs). Previous studies proved that carboxymethyl chitosan/chitosan-nanoparticles (CMCS/CS-NPs) exhibited surface charge depending promotion of intestinal absorption. This study further confirmed the better performances of insulin:CMCS/CS-NPs(-) in enhancing epithelial permeation, increasing bioavailability and extending blood duration of insulin than insulin:CMCS/CS-NPs(+). Immunohistochemistry sections found that TJs on jejunum epithelium completely disappeared in insulin:CMCS/CS-NPs(-) group, partially existed in insulin:CMCS/CS-NPs(+) group and appeared no change in control. Surface charges of CMCS/CS-NPs triggered intestinal epithelial TJs opening through different mechanisms. Although a down-regulation of TJs protein claudin-4 was detected in both nanoparticles groups, for phosphorylated claudin-4, the activating form, whose down-regulation occurred only in insulin:CMCS/CS-NPs(-) group. Counting upon synergetic effects of Ca2+ deprivation from adherens junctions and claudin-4 dephosphorylation and degradation, CMCS/CS-NPs(-) triggered more extensive disintegration of TJs and stronger paracellular permeability than the positive.